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Abstract 

bqh fea-s of gas-ionization stim$ir.q m&.-i- 
tier3 are 0.d .md cayare. with acrylic scintil- 
h,tar va-leng+h shifter cakximtes. Calori72t22 
bj eacc mm* g&.ng Gcicjer and limited strezer 
!JxI&s is di--==-A 

~icnjzz-i~sa@inqcalor~t~have~~ 
~o;ular in tie 1st feayears -?Xdetecta- 
azn at cornzll." ard the " 

Ift sIAc,1 
eutrir.0 z?xpErirrent at CGN 

i-ma3 bx&lilt &-am csirq progzxeonal tdzes for s.?n- 
plihg~~.qg,zcrk&Syel~ma~etic andhadmnic 
czs~c-5. s,t .=sz5hb, a sham Cakector usin propor 
t&,& wirrz .S,.zh=s cz.s built ad tested tamrd de- 
,elqJinq a 1azz systt for the + c?qeri-nt at 2 Tev 
enter Of % al&. 

lte p- of this pape+ is to smize the re- 
cent ht.3 to fin3 an 225-e to this question. The 

FTcgttal char&en or arrays of pm~r- 
are s&d& m-ether qenerally with 

1ealpL3atesoz imlpZatestosa!@e asmu frackicm 
of the total energy thmugb e1ectmEgnetic CascadlS 
~elsleeons.~osiMnrandq~~,and~~nic and 
&ectmaq&iccrsc&es forthehzdmns. 

Sure of the rea5cr.s that Ekes ycpxtional drift 
tutesor&- at-ative for caloriiletry are 5lmY 
CmrizFzf in the follokq: 

a. 

b. 

c. 

d. 

e. 

f. 

9. 

?hqr.zrerelativ&yin.3~~iti~~ tonm.~etic 
field as ccrpxd to p~otaz~tiplier t&s in 
&m Chererkav or scin'illation light. 

7Wze is no &exw&ov lx*: pmb1an as c.zalr* 
with!+a~=length shifterbz.x X&kCtk,qli@,t 
km scintil.latars. 

Itiseasiertoblinqsiqn& m*usingtis 
andcables tbr,guidiqY~httbj Cjhtquides. 

hojeaeade-rqecretry (projecting to 
-rY=-u GUI be and7tly ProviM by usirq 
c3tkds pals cketecting inchced sipah. This 
is like a ta-er s-e follaiing the "erqy 
E1c.u cut of t'e taqet. 

9msmcs.e psitiot of the elem~tic 
iLasc& s w-5sE.) c?!, he detcx~~wd tD a om 
of I m Ersily4. Ao,=7mwas,?-a%Ed 
for tLz7z?zm of 20 cc” FSf. 7). 

A ~s--al ~~CcOf Usinqwi~s, cathode 
strip, a-d p&s is erellmt una-cbi~us ml- 
tiskser resolution* of 2-5 cn obtained de- 
pxding on sepxatim efficiency. 

G+simizatimsuplirqcalorimtersprwide 
Xeasuably 5Ud en- resolution. Saw ex- 
Ferb5mtal zwters fro, electrcxmqnetic cal- 
Orirter~ adthe mfemazsaceqium in 
Table I. In the table tic qa sa,,linq and 
the axylic scintillntor and wm3Imgth 
shtfterdeviccsare~d. ott,ertms 

.h. 

i. 

arebcyondthe smpzof thispJFer. It is 
also a fact that a,mylic scintillamr is the 
rrc& widely used mterial for calcriwtry 
these &ys. m table shcws that the er.erq., 
resolution gets saxwIu,twxse 36 the scin- 
tillator size is larger. lhis my be dw to 
ncmmiEom light collection or kw photcelec- 
txcxk statistics if the mifotityis achieved 
at the cTt+m-Lse Of psatons by us- szff! 
shorter wave-length filtering techniqws, 

The differemes in enerqy resolution of scin- 
tillatOor and 9.3s SZPL'#inq devices my bxrme 
Udrp?Xmt at high enorgies. The future use 
of these devices is going to be in this direc 
ticn. Fiq. 1 shoxs the energy +esolution nul- 

tiplied by (E/t)1'2 aT&LSt the S.S@ing thick- 
ness fmnsevec~stties. 

For gas sampling hadmnic calorimtly, there 
is VEly little data at this tim. R. L. 
Anderson ct ai. repte4 an enerqy res.m.l- 
tion of urn = .75/-J? for pims of l-15 Gev 
using 2.7 011 thi& iron plates as amvrrtcrs. 

Pulse heiqht and gain cslibratim ha ken one 
of the difficulties of scintillatim calori- 
rreters. Pulse height calibration wa cmw- 
niently achieved to l-2% by the Femilab ex- 
pdIEnt4 usingt.k22hwliE ofafcwGP9 
xurces~itionedmcertaindmn&zs. Thxe 
frw wires mitomd the gain variations dw 
to Ch.SI,TeS in abmspheric pr- , environ- 
mtst-rat-, and the gas ccnpasitions. 
Tbts worked out very well sirce these quanti- 
ties &age very slady in tin??. The (rain 
unifmmity of ?2% .3~05S the ‘zhmhrs and i4% 
betwem~c+ankxswasfomdtobeqvite 
pm.GkAe. 

Costofqas samplingcalarimtersystemsis 
?3??l..xlnab1e sine? the e.xtnxl& alrnninlml or 
plastic drift-take dekctors are inexffnsivzly 
constructed, and wins are cMlil(rted t0jeth-a 
indepth resulting inamanaqeablen~ OE 
rfcadout cilannels. 

Gas sampling calorimky in theCeiqeriroclc14 md 
limitistrea7errcdemybeuxe tmnewtechnicjjs 
tit look praising in &xovinq ~ncrqy resolution and 
funher easing thf4palse heiyht calibration. GI. 
Cxithers et al., UL, h3s recently studied the 
Ceiqer xc&? ofyration and fomd an emxqy resolution 
0f o IL a.u/\i E for el-l enerTies cp TV 5 ce'l. 
Aknve this alcrqy, tie &tEctor shck;ed saturation ef- 
fects which may be dw to the fact that in the cficpr 
darker th~ewercnylonwiresorth~ltDthcsign~ 
wise* wi,th a sp.3cin.q of 1 an, thus limit* the Gciqer 
spreadtolanalong thewin. Withinthislimit, the 
pulse height would be tk sam for mltiple tracks. as 
for a single trxk. 

Rcocntly invcstiqating pulses frcm a drift tub=, 
the author noticxd that laqc pulses of unifom gciqht 
my ccwxwhen the avalanche size exoxds 8 x 10 clcc 
trcm-ian pairs in a gas nixtum of 49.51 A - 49.5% C2+l 
1% '3',cH20". nlc pbfs WY be dkd ihitd =m- 
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Peferfmce *Ling Thi~ess herqy Resolution a/-.7 Size 

% %n5 (4 
Energy P.mgP 

Ge" 

1 0.5 .17/V% .24/ .F 30 x 30 0.3 - 15 

2 0.32 .17/1-F 
,- 

.30/‘.E 162 x 366 0.5 - 3.2 

4 0.68 .24/ ',,F .29/./F 30 x 30 10 - 46 

9 0.32 .17/v% .3lJjE 18 x 18 0.5 - 12 

10 0.3 .16/‘/L .29/ i'E 21 x 50 2 - 10 

11 0.37 .092/.;E .l5/-;5 10 x 10 0.5 - 2 

12 0.35 .133/.iE .22/.i-F 20 x 50 5 - 10 

13 0.62 .13/‘z- .165/ ;E 20 x 20 s 80 
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Fig. 1. Fnerqyresolutionresultsfmseveral 
studies. Aaylic scinti1lator results are indicated 
bysw.llcircles (0) andgas samplinq results are in- 
dicated by large dots (0). The stties are referenced 
bythenunbersm. 

pll=s2. rr+? cmss section of the drift tube was 1.2 x 
1.2 cm , and the anode wi+e was 100 m thick. Fig. 2 
shcwsthepulsesdirectly&tainedfmthewkeinti 
50 ll (ascillosmpz picture of Tektrmik 485 with no am 
plifier). 
f.Km 5.9 keE-%o?i3~ k!iz=c2%~fr~p~ 
are sham in Figs h and 3b. respxtively. Inthis 
case,pulsesarenotpI-cpotimalto 
what is seen by G. D. Alexem et al. 
tribution 

l?~~&~~- 
expected fI-m cosnic rays -s Gaussian- 

lge. couble streaoers my be -inq for ti-ose CCS- 
ml= EySwhidl~ th?muqh tktuteatsare angle. 

Seandstremers occurring sawtim later than the first 
do not give rise twice the pulse height for the reason 
indicatea in Fig. 4. T?-e dnuble s'cramrs did result 
intwice the pulse heiqhtas the single stredner in 
m smsingmxIe,aswillbe stnm further in the 
text. Hi@ voltage depzndmce of the pulse height in 
theprqortimalandthelimitedstzearrerregionsis 
slum inFig. 5. It increases very shly in the lin- 
itedstrernerregim as tbehighvoltageis increased 
lhreir a shxptzansition frontheprcporti~ re-. 

2izzxzL.1 
stzeamrreqim stove the avalanche 

-. 

Cotic rayswere used to investigate theminimm 
spxerequirerrentfor Prcducinqdouble streamers alonq 
awire. Apairof ~1scint:illatorteles.m~s were 
used for limiting the cfxmic ray angles which provided 
a trigger for a Le Cmy WT. Fig. 6 shah that three 
0rmx-e stLeamrs myacurwitbin the project&length 
of 6 mnalmg theana?ewirewiti a 300 nsec tire in- 
-. To obtain this, high ~ltage was kept high, 
3300v. mleresultindicates thattwstrearrers can 
ooc~rwithin2mnalcnq thewke,and -of the elec- 
tmn clusters are Large errxgh to reach the critical. 
avahnche size. The pulse height resolution for I&- 
tiple StpeLner s is eqected to get better if multiple 
t.racJa are detected simultaneously. 

Fig. 2. Thelimit&str~ pulses ohs- on an 
csciloscqe saxen dkectly across 50 0. Horizontd 
scale is 50 n.wc/divmdvertica.lsdeis 10 mv/div. 



Fig. 3a. The pulse height distribution of the 5.9 keV 
x-r 'ays fm an Fe== sourcz. 

Fig. 3. 'lbpulse heiqhtdistiibutiw of the comic 
rays. The pulse heiqht analyzer (Le cloy Qvr 3001) was 
used in peak sensinqnrde for the pictures. 
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Fig. 5. Hiqhwltaqe dependenceof theman pulse 
height of the 5.9 keV line in the prap3rtiona.l and the 
limit&streamer regions. 

Fig. 6. A picture of multiple streams swithin 6m 
along the ancdewire. Single, double, and triple 
strwmers areresolved. 

Fig. 4. A s~nple display of a single and rkmble 
stre-pulse across a 50 R &c-e. 
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Fig. 7. Rate versus thehiqhvo1tageA.r~ almn 
pollination slit ad a 5.9 keV x-ray SouTce. It indi- 
cates ~tratelimitationis~treaclledwith this 
SouTce strenqth. 

An attemptwa.3rr.3& for st*i"q ratecapability 
of the drift tube in thelimitzd streamrmde. 
wide collirated source of 5.9 keV x-rays frm Fe 

52lm 

wzs Lsti fcx -ze test. Fig. 7 shars the rate5 against 
the aF?*ied high mltaqe. .It4shms that th= rate cap- 
abilit; is tetter than 2 x 10 /set an Qzr Wire. Due 
to thelackofahiqhemrgybe~and higher intensity 
source, the ugzer limit is not kmm at this tire. It 
is clear that this is a different phaxrrem thft the 
phmor,na reprted earlier by S. Srehi? et al. %&s!ze 
the rate caPability was tm orders of magnitude lower 
titi this mse. 

Ccnclusicm 

a. TrackmLmtingintheltittxlstreaTerlrode 
is e.xpxted ta i.qxove ewxqy resolution in 
gas calortitty cwi"g tc th?z fact ttatthe 
Landau tail is elimina 94 

The iqxwe3 rest- 
lution in the Geiger ma& tends to support 
this belief. 

b. Drift tube size of 3-4 m would be better for 
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